The immune repertoire to Haemophilus influenzae type b capsular polysaccharide (Hib PS) appears to be dominated by certain light chain variable region genes (IgVL). In order to examine the molecular basis underlying light chain bias, IgVL genes have been cloned from a panel of heterohybridomas secreting human anti-Hib PS (antibody) (anti-Hib PS Ab). One hybridoma, representative of the predominant serum clonotype of anti-Hib PS Ab in older children and adults following immunization or Hib infection, uses a V kappa II segment identical to the germline gene A2, and a JK3 segment. A second kappa hybridoma uses a member of the V kappa I family and a JK4 segment. Four lambda antibodies, all crossreactive with the structurally related antigen Escherichia coli K100 PS, use V lambda VII segments which are 96-98% homologous to one another, and may originate from a single germline gene. Two additional lambda antibodies, not K100-cross-reactive, are encoded by members of the V lambda II family. All lambda antibodies use highly homologous J lambda 2 or J lambda 3 segments. The VJ joints of all lambda antibodies and the V kappa IIencoded antibody are notable for the presence of an arginine codon, suggesting an important role in antigen binding. Although more complex than heavy chain variable region gene usage, a significant portion of serum anti-Hib PS Ab is […] 
Introduction
The development of the antibody repertoire involves the recombination of individual members of two or three groups of germline segments, nucleotide insertion or deletion at these junctions, and somatic mutation of rearranged genes (1) (2) (3) (4) .
to the generation of the immune repertoire against a specific antigen has been extensively studied in murine systems, but it is uncertain whether these findings can be extrapolated to humans. The chromosomal organization ofthe human heavy and light chain variable region segments within the immunoglobulin loci differ from those of mice (5) (6) (7) . Furthermore, the response of highly inbred laboratory animal strains, and the use ofsimple haptens in most studies, may not be comparable with the human response to clinically relevant antigens, such as those presented by microbial pathogens.
The immune response to Haemophilus influenzae type b capsular polysaccharide (Hib PS)' is an excellent model to examine the immune repertoire to a functionally significant antigen. Hib is a major bacterial pathogen in young children and antibody directed against the capsular polysaccharide, a repetitive polymer of polyribosylribitol phosphate, protects against invasive infection (8) . Similar to the response to other polysaccharide antigens, the immune response to Hib PS is age-dependent. Children under 5 yr have lower antibody responses and are at greatest risk ofinfection. Additionally, there appear to be variations in individual and ethnic susceptibilities to invasive Hib disease (9-1 1). Analysis ofthe immune response to Hib PS will contribute to our understanding ofthe development ofthe human antibody repertoire, and provide insight into age-related and possible genetic predisposition to infection caused by Hib.
Previous studies employing partial amino acid sequencing of anti-Hib PS serum antibody purified to clonality have shown that light chains of anti-Hib PS antibody are encoded by V., and at least three V. gene families (12) . Although highly informative, these studies have inherent technologic limitations. To obtain sufficient antibody for analysis, only individuals with antibody concentrations much higher than those elicited in young infants could be studied (12) . Amino acid sequences were unobtainable on V.-encoded antibodies, and certain regions of V,,-encoded antibodies (12, 13) . Obtaining nucleic acid sequences of variable region genes encoding antiHib PS Abs would permit precise comparison of variable region genes obtained from different individuals, allowing classification of these genes into germline families and subfamilies, analysis of D-and J-segment usage, and assessment of the role of somatic mutation in the clonal evolution of this immune response. Additionally, this information could be applied to examination ofthe germline and expressed immune repertoire of individuals of various ages, and populations at high risk for invasive Hib infection.
Our previous work, and that of others, indicated that the heavy chains of anti-Hib PS Abs are encoded by a very restricted number ofVHIII gene segments, in combination with a variety of D and JH segments (12, 14) . We have extended our studies to examine light chain variable region gene (IgVL) usage in the human anti-Hib PS response. A major component of serum anti-Hib PS Ab expresses a cross-reactive idiotype associated with the use of a VJII gene (15, 16) . Antibodies expressing this light chain account for the majority of anti-Hib PS antibody in older infants and adults following invasive Hib disease or immunization. Most lambda-encoded anti-Hib antibodies and some kappa-encoded (VJI and VJIII) anti-Hib PS Abs cross-react with the capsular polysaccharide of E. coli Kl00 (12, 17) . Naturally acquired antibody of the majority of children expresses KI00 PS cross-reactivity, and thus, colonization with this organism may provide protective immunity before exposure to Hib (18) . Our results indicate that two impotant anti-Hib PS light chains, one associated with VJII expression and the other with lambda antibodies cross-reactive with KlIO PS, are encoded by two germline elements that may be expressed with little or no somatic mutation. Moreover, a nwngermline-encoded arginine at the VJ joint is seen in the majority of anti-Hib PS Ab light chains, a result suggesting an essential role in antigen recognition.
Methods
Hybridomas. Heterohybridomas secreting human monoclonal antiHib PS antibody were obtained, as previously described (14) . Volunteers were immunized with either plain Hib-PS vaccine (Praxis Biologicals, Rochester, NY) or Hib-PS diphtheria toxoid conjugate vaccine (Hib-PS-D) (Connaught Laboratories, Swiftwater, PA). 7 d following immunization, peripheral blood lymphocytes were harvested and fused to the nonsecreting mouse myeloma SP2/O-Agl4. Anti-Hib PS Ab was detected by binding to Hib PS in an ELISA, as previously described (14) . Specificity was documented by antibody binding to '251-labeled antigen (19) , and by inhibition ofbinding by 1.25 ,gg/ml of soluble Hib PS in an ELISA (20) . Cross-reactivity with E. coli KI00 PS was assayed by inhibition ofbinding to Hib PS-poly-L-lysine with 100 ug/ml ofsoluble KI00 PS in an ELISA. An antibody concentration was selected that gave half-maximum absorbance in the ELISA. Greater than 15% inhibition was considered positive. The E. coli KIOO PS was prepared from E. coli strain Easter, by the same method used to prepare Hib PS (19) . The generation ofhybridoma line 16M3C8 was described previously (2 1).
Cloning and sequencing ofIgVL genes. Total RNA was prepared from 106 hybridoma cells using the guanidine isothiocyanate method (22) . 2 to 8 ugg of total RNA served as template for first-strand cDNA synthesis, as previously described (14) . 10 pmol of a consensus antisewne primer corresponding to conserved sequences within the human kappa or lambda constant region (23) (30, 31) . Hybridization conditions were previously adjusted to minimize nonspecific binding. Gels were washed with 6X SSC at room temperature for 20 min twice, followed by a 4-h room temperature wash. The gel was finally washed in 6x SSC for 3 min at 64°C, and exposed to X-OMAT AR film for 4 d.
Results

Hybridomas
Eight hybridoma cell lines from seven individuals were initially selected from 20 cell lines. All individuals demonstrated substantial increases in serum anti-Hib PS Ab 1 mo after vaccination (Table I) . Hybridomas were selected to exemplify serologic characteristics (kappa or lambda expression, and Kl00 PS cross-reactivity) and to represent the response to "T-independent" plain polysaccharide, or "T-dependent" polysaccharideprotein conjugate forms of antigen. (Table I) . Four lambda-expressing anti-Hib PS Ab, obtained from four different subjects, cross-reacted with K100 PS. One of these individuals, RAY4, had no detectable serum cross-reactivity before immunization. The Abs JB32 and JB2 1 were obtained from the same individual, and differed in heavy chain isotype and K1OO cross-reactivity. (Fig. 4) .
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-.S CDR-1 30 (33) . (See Fig. 1.) These two VJII-encoded gene segments are 91% homologous to one another, and have in common a number of nucleic acid differences from the V.2. 1 germline gene (especially in CDRs).
Whether they derive from another germline gene, or whether these differences reflect mutation, is unknown. All six ofthe lambda light chains are encoded by a common J,\ segment closely homologous to both J,\2 and J,\3 germline genes ( Fig. 1) (23) . J,\2 is associated with the use of the (Kem-Oz-)C,\ segment 2, and JA\3 with the (KermfOz')CX segment 3 (37 (36) , and uses a JA4 segment differing from the germline sequence by a single base (Fig. 6 ). The ED6. 1 sequence is identical to the partial amino acid sequence reported previously for 2 kappa antibodies purified from serum (12) . VJ joints of seven of these eight hybridoma VL genes are notable for the presence ofan arginine codon (Fig. 7) . Comparison of germline sequences indicates that in the RC3 VL gene, the codon CGA could only have arisen by the addition of a non-germline-encoded G at the VJ,, joint. In the VAVII-encoded antibodies, the relevant germline V. segment is unknown. The arginine codon may be germline-encoded, or result from either mutation or N sequence addition. The VJ splice junction in all lambda antibodies is identical, implying this VIJ. combination is a necessary prerequisite for generation of the arginine. Since the CDR-3 region encodes the third hypervariable region, the frequent finding of an arginine residue at this location, and particularly its presence in both kappa sponding to conserved VAVII CDR-l sequence was used to identify a single 3.7-kb genomic DNA fragment. Although more than one V gene may be present in a single restriction fragment, both the repeated isolation of highly homologous VAVII genes, and the single prominant band detected with the oligonucleotide probe, suggests that a single VA gene may be responsible for the generation of lambda anti-Hib PS Ab that cross-reacts with KI00 PS (Fig. 9) . Less prominant higher molecular weight bands are also present, but hybridize weakly to the oligomer after subtraction of nonspecific background binding by high molecular weight DNA.
Discussion
To examine the molecular basis ofthe immune response to Hib PS, a panel of hybridomas secreting human monoclonal antiHib PS Ab has been developed. Our previous studies showed exclusive use of members of the VHIII gene family in this im- functional genes, ofwhich 40% are members ofthe VJI family (41) . The VJII A2 germline gene is known to be present in a single copy (13) . Our findings definitively demonstrate that at least a portion of VJI-encoded antibodies are encoded by unmutated germline elements. Our subject R.C. was immunized with PS-protein conjugate vaccine, whereas Scott's subjects were immunized with the plain PS vaccine. Thus it is possible that the unmutated VJII A2 segment is utilized irrespective of antigen presentation in a T-independent or T-dependent form. Lambda variable region gene usage appears similarly restricted. The majority oflambda-expressing anti-Hib PS Ab in adults with high antibody responses to vaccine cross-reacts with E. coii KI00 PS (17) . The capsular polysaccharides ofHib and E. coli K100 are structurally similar and gastrointestinal colonization with E. coli KI00 induces antibody to Hib PS in humans (42). "Naturally occurring" anti-Hib PS Ab in children commonly cross-reacts with KI00 PS, whereas Ab ofindividuals immunized with Hib PS or responding to Hib infection is less frequently cross-reactive (18) . The kappa/lambda ratio of natural anti-Hib PS Ab is lower in infants than in older children, and in the vaccine-induced antibody of adults (39 (14) , and it appears that some VL genes are similarly conserved. The RC3 V,, gene segment is identical to the A2 germline gene, and although the pertinent VAVII germline gene is not known, the paucity of differences in ViVII segments from four different subjects suggests these gene segments are relatively unmutated.
J, and J. segments are also highly homologous to germline elements. Thus, at least a portion of the anti-Hib PS response represents the use of unmutated germline elements.
VJjoints ofthe majority ofrearranged VL genes also appear to be an additional source of restriction in the anti-Hib PS immune response. Although there is variability in the use ofJ., segments, VKI-encoded VL genes are characterized by the presence ofan arginine at amino acid position 95a (13) . In the RC3 VL gene and at least one ofthe antibodies (B-G2a) described by Scott, this appears to have arisen by N sequence addition. In four other kappa antibodies described by Scott, alternative joining may have generated this invariant arginine (13) . All of the lambda VL genes in the present study are similarly characterized by an invariant arginine-96. The germline VAVII segment is not known; therefore the mechanism used to generate this codon is uncertain. The invariant presence of this residue in many anti-Hib PS Abs supports the previous suggestion that it may be ofgreat importance in antigen binding (13 (13) .
Expression of certain VH gene family members in mice is correlated with B cell subpopulations (50) . An alternative explanation for the poor response to plain Hib PS may be a maturational delay in recruitment of a critical B cell population that selectively expresses important variable region gene segments.
We and others note that an arginine is expressed at the VJ joint in the great majority of anti-Hib PS light chains. In some circumstances-N segment addition is required to generate this codon. The addition of these extra nucleotides is infrequent in light chain recombination, suggesting that these B cell precursors may be relatively infrequent (51) . Moreover, N segment addition also appears to be developmentally regulated. Neonatal murine B cells lack N sequences, and their presence in heavy chain recombination increases with time (52) . In addition, N sequence addition may also correlate with certain B cell subsets. N segments appear to be rare in Ly 1-B cell-derived populations (53) .
In contrast to plain polysaccharide vaccines, most young infants respond well to the newer Hib-PS protein conjugate vaccines (54) . It is presently unknown if this antigen formulation recruits an alternative antibody repertoire, or if, by an uncertain mechanism, developmental restriction of a "dormant" B cell subset is overcome. To address this question, V gene expression in infants must be examined.
